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“SMART” BOWED ROLL 

CROSS-REFERENCED TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. provisional 
application Serial No. 60/214,571, ?led Jun. 28, 2000. 

FIELD OF THE INVENTION 

The present invention relates generally to boWed roll 
assemblies, and more particularly to an apparatus and sys 
tem for adjusting a boWed roll assembly to alter critical 
speeds and inhibit harmonic vibration during operation of 
the assembly. 

BACKGROUND OF THE INVENTION 

A boWed roll is a banana shaped, rubber covered or 
segmented metal roller used to remove Wrinkles in a con 
tinuously moving Web of media such as paper, foil, plastic 
?lm or the like. The boWed roll is comprised of a series of 
rotating segments (or spools), ?tted With bearings, along a 
curved stationary axle. 

The boWed roll is normally installed With the boW ori 
ented more or less in the doWnstream direction. Under this 
condition, the incoming Web contacts the roll surface on the 
backside of the boW. The Web then remains in contact With 
the roll surface for 25-to-35 degrees of rotation before 
separating from the roll surface on the front-side of the boW. 
Since the roll is boWed, it stands to reason that the face Width 
of the roll (measured along the roll’s surface) increases 
gradually from the back-side to the front-side. It is this 
“Widening” of the roll face that induces lateral tension (or 
stretch) in the Web While it is in contact With the roll surface 
to reduce or remove Wrinkles. 

An example of a prior art boWed roll assembly 10 is 
depicted in FIG. 1. The boWed roll is comprised of a series 
of rotating segments or spools along a curved stationary axle 
(FIG. 3). The individual spools, each supported by a bearing 
centered Within the spool, are placed along the axle and 
spaced so they turn freely yet in unison With each other. 
Referring to FIG. 1, the boWed roll includes a central axle 12 
and a centerline 14, and is typically supported on each end 
With self-aligning mounting brackets 16. The position of the 
boW is adjusted by rotating the axle 12 in the self-aligning 
brackets 16. By changing the boW position, the amount of 
lateral stretch or tension in either the center or edges of the 
Web can be controlled. In addition, the lateral tension 
induced by the boWed roll can also be used to aid in 
separating a single Web Which has been slit in tWo or more 
Webs to prevent interWeaving during Winding operations or 
the like. BoWed rolls ?nd numerous applications above and 
beyond the examples cited here. 

At predictable rotational speeds, boWed rolls (as is the 
case With all rotating machinery) are subject to a multitude 
of harmonic vibration modes, Which can occur during nor 
mal operation depending upon the construction of the roll, 
the materials used in its construction, and the process speed. 
The speeds at Which the phenomenon of harmonic vibration 
occurs is often referred to as the “Whirling” or “critical” 
speeds. The critical speed of a roll is essentially the rota 
tional speed equivalent to the roll’s natural frequency of 
vibration. If a roll is operating at these speeds, oscillations 
may occur that can damage a forming sheet, among other 
things. This phenomenon is Well knoWn to those engaged in 
the design of shafts, rollers and other rotating machinery. 

The ?rst three critical speeds (“criticals”) are of great 
signi?cance in that their related amplitudes of oscillation are 
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2 
great enough to either disturb the Web handling process 
and/or result in damage to the spool bearing raceWays and 
rolling elements. FIGS. 2A—2C illustrate the harmonic 
vibration mode shapes for a boWed roll centerline When 
operating at the ?rst three critical speeds, and shoW the 
dynamic shape of the boWed roll centerline 14a, 14b, 14c at 
the ?rst, second and third critical speeds, respectively. 
BoWed rolls have been proven to experience premature 
spool bearing failures When the roll is operated at these 
criticals for signi?cant periods of time. 

Referring to FIG. 3, an embodiment of a prior art boWed 
roll construction is shoWn. In the current state of the 
art/science of boWed roll construction, a series of spool 
assemblies 20 comprising a rotating segment (or spool) 22 
?tted With bearings 24, are positioned along a curved 
stationary axle 12. These spool assemblies 20 are positioned 
so as to be in near proximity to each other and are coupled 
together individually by means of elastomer couplings 28. In 
the case of rubber-cover rolls, an elastomer covering or 
sleeve 28 (as shoWn) is ?tted over the entire series of spool 
assemblies. 
As depicted, the spool assemblies 20 are held in near 

proximity by means of annular spacers 30, Which are ?tted 
over the curved axle 12 (With the axle having an annular 
cross section) With their ends abutting the inner races 32 of 
the spool bearings 24. The entire series of spool assemblies 
20 and spacers 30 are held in position along the boWed roll 
axle 12 by means of set collars 34 af?xed to the axle 12 at 
either end 40a,b of the assembly 10. 

In another embodiment of a boWed roll assembly, desig 
nated generally With the numeral 38‘ and shoWn in FIGS. 4 
and 5, the ends 40a‘, 40b‘ of the axle 12‘ comprise threads 
46‘ to Which large reinforcing nuts 48a‘, 48b‘ are af?xed to 
the axle ends. Each end 40a‘, 40b‘ of the axle 12‘ is mounted 
in a roll supporting bracket 42‘ that includes a ball clamp 44‘. 
In this instance, a predetermined torque is applied to the 
nuts, Which in turn loads the spool bearing inner races 32‘ 
and annular spacers 30‘ in compression, Which induces an 
amount of tension in the axle and increases the stiffness of 
the roll. In the manufacture of boWed rolls, this technique is 
referred to as “reinforcing,” and the assembly 38‘ can be 
referred to as a reinforced boWed roll assembly. Areinforced 
roll is similar to a standard boWed roll (FIG. 3) except With 
a reinforced axle. As shoWn in FIG. 5, the ends 36a‘, 36b‘ of 
the assembly 38‘ include an end cap 50‘ and an end shield 
52‘. 

It is Well knoWn to those versed in the art/science of 
rotating machinery that the critical speeds for rollers, shafts, 
and the like, occur as a function of the roller’s mass and 
stiffness. The step of reinforcing a boWed roll increases the 
roll’s stiffness, Which in turn alters the rotational speeds at 
Which the roll’s “criticals” occur. By changing the torque 
applied to the axle nuts 48‘, one can tune (i.e., increase, 
decrease, shift) the criticals to speeds out of the range of the 
operating speed of the boWed roll assembly so the criticals 
Will not be encountered during normal operation for a 
knoWn process machine speed. HoWever, the adjustment of 
the applied torque requires that the roll be taken out of 
service and partially disassembled. Hence, it is not practical 
to perform this procedure in the ?eld. While the ability to 
tune the criticals for a roll is helpful in preventing harmonic 
vibration, it requires that the machine process speed be 
limited. This is often unacceptable in that it may limit the 
machine’s productivity. 

SUMMARY OF THE INVENTION 

The present invention provides an improved boWed roll 
assembly for use in machines for processing paper and other 
continuous Web of ?exible media, among other applications. 



US 6,554,754 B2 
3 

In one aspect, the invention provides a bowed roll assem 
bly that can be adjusted during operation of the assembly to 
alter critical speeds to outside the range of the operational 
speed of the assembly. The boWed roll assembly generally 
comprises a non-rotating central aXle having a ?rst end and 
a second end, at least tWo tubular segments, each supported 
on a rolling bearing and rotatably mounted on the central 
aXle, and a plurality of annular spaces mounted on the aXle 
betWeen the roller bearings to maintain the tubular segments 
in near proximity. 

In one embodiment of a boWed roll assembly, the ?rst end 
of the aXle comprises a member mounted thereon for apply 
ing or loading pressure against the bearings and the spacers 
Which can be varied to compress and uncompress the tubular 
segments along the aXle and alter the stiffness of the roll 
assembly, and the roll assembly is connected to a member 
for detecting speed of the roll assembly and sending a signal 
of the speed to a signal processing device. When the speed 
of the roll assembly approaches a critical speed, the signal 
processing device sends a signal to the pressure applying 
member to vary the pressure against the bearings and 
spacers to sufficiently stiffen or unstiffen the roll assembly to 
inhibit harmonic vibration of the roll assembly and shift the 
critical speeds out of the range of the operating speed of the 
boWed roll assembly so the criticals Will not be encountered 
during normal operation for a knoWn process machine 
speed. 

In another embodiment of the roll assembly, the signal 
processing device can be pre-programmed With critical 
speed values of the boWed roll assembly. When the signal 
processing device receives a signal of the rotational speed of 
the boWed roll assembly at or near a critical speed value, the 
signal processing device sends a signal to the pressure 
applying member to increase or decrease the pressure 
against the spacers to sufficiently stiffen or unstiffen (relax) 
the roll assembly to inhibit harmonic vibration of the roll 
assembly. 

In another embodiment of the roll assembly, the assembly 
can comprise an accelerometer mounted on the roll assem 
bly. During rotation of the roll assembly, an increase in the 
voltage output of the accelerometer relative to a voltage 
output set value indicates the rotational speed of the boWed 
roll assembly is at or near the critical speed value. Once the 
pressure of the pressure applying member has been adjusted, 
a decrease in the accelerometer voltage output relative to the 
voltage set value indicates an increase or decrease of the 
critical speed value. 

In yet another embodiment of the roll assembly, the signal 
processing device comprises a programmable logic control 
ler (PLC) functional for receiving and recording data of the 
accelerometer voltage output, the rotational speed of the roll 
assembly, and/or the pressure load applied by the pressure 
applying member. This enables the PLC to “learn” the 
critical speeds of the roll assembly associated With any given 
hydraulic pressure set point. When the rotational speed of 
the assembly the approaches that critical, the PLC signals for 
a change in the pressure of the pressure applying member to 
stiffen or unstiffen the assembly and alter the critical outside 
the range of the operational speed. 

In another aspect, the invention provides a system for 
altering stiffness of a boWed roll assembly. The system 
comprises a boWed roll assembly comprising at least tWo 
spool assemblies mounted on an aXle and held in near 
proXimity by adj acently mounted annular spacers, a member 
for applying pressure against (compress or uncompress) the 
spacers and the spool assemblies to increase or decrease the 
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4 
stiffness of the boWed roll assembly that is mounted on one 
end of the aXle, and a programmable logic controller (PLC) 
connected to the boWed roll assembly for receiving signals 
therefrom and connected to the pressure applying member 
such as a hydraulic ram, for transmitting signals thereto. The 
PLC can be connected to a mechanism for measuring a 
machine speed reference signal. In one embodiment, the 
PLC can comprise a microprocessor that is pre-programmed 
With critical speeds of the boWed roll assembly. The PLC is 
functional to send signals to the pressure applying member 
to alter the pressure load on the spacers/spool assemblies 
upon sensing a rotational speed at or near a pre-programmed 
critical speed value. In another embodiment, the system can 
comprise an accelerometer mounted Within the aXle of the 
boWed roll assembly that is connected to the PLC. Voltage 
output data of the accelerometer can be sent to the PLC to 
indicate the rotational speed of the boWed roll assembly 
relative to a critical speed value. 

In another aspect, the invention provides methods of 
altering critical speeds of the roll assembly during operation 
to inhibit harmonic vibration. The boWed roll assembly 
generally comprises at least tWo spool assemblies mounted 
on an aXle and held in near proXimity by adj acently mounted 
annular spacers, and a member for applying pressure against 
the spacers to alter stiffness of the boWed roll assembly. 

In an embodiment of a method according to the invention, 
rotational speed of the boWed roll assembly is measured, the 
rotational speed is compared to a pre-programmed critical 
speed value, and upon sensing the rotational speed at or 
about the pre-programmed critical speed, the pressure of a 
pressure applying member against the spacers is altered to 
increase or decrease the stiffness of the boWed roll assembly 
and alter the critical speed to a range outside of the roll 
rotational speed. The method can further comprise the step 
of pre-programming critical speeds into a PLC connected to 
the assembly. 

In another embodiment of the method, the boWed roll 
assembly further comprises an accelerometer mounted on 
the roll assembly, and the method comprises the steps of 
measuring rotational speed of the roll assembly, measuring 
(and recording) voltage output of the accelerometer, and 
determining Whether the rotational speed of the roll assem 
bly is at or near a critical speed based on the voltage output 
of the accelerometer. When the rotational speed is at or near 
a critical speed, the pressure of the pressure applying mem 
ber against the spacers is altered to increase or decrease the 
stiffness of the roll to alter the critical speed to a range 
outside of the roll rotational speed. The method can further 
include measuring the voltage output of the accelerometer to 
determine Whether the critical speed has been so altered. A 
decrease in voltage output of the accelerometer indicates an 
increase or decrease in the critical speed. 

In another embodiment of the method, Wherein the boWed 
roll assembly further comprises an accelerometer mounted 
on the roll assembly, the method comprises the steps of 
measuring voltage output of the accelerometer to determine 
Whether the rotational speed is at or near a critical speed 
value, Wherein an accelerometer signal voltage higher than 
set voltage output value indicates the rotational speed to be 
at or about the critical speed; and upon sensing the rotational 
speed at or about the critical speed, increasing or decreasing 
the pressure of the pressure applying member against the 
spacers to alter the stiffness of the roll and the critical speed 
value to a range outside of the rotational speed of the roll. 
The method can further include measuring the voltage 
output of the accelerometer to determine Whether the critical 
speed has been altered, as indicated by a decrease in the 
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accelerometer voltage output Which indicates an increase or 
decrease in the critical speed. 

In yet another embodiment of the method, the boWed roll 
assembly includes a PLC and accelerometer, and the critical 
speeds of the roll assembly are “learned” by the PLC Which 
triggers changes to the pressure of the pressure applying 
member of the assembly to alter the roll’s stiffness and the 
critical speeds. The method comprises measuring the rota 
tional speed of the roll assembly; measuring the voltage 
output of the accelerometer; determining if the voltage 
output of the accelerometer exceeds a set value Whereby the 
rotational speed is at or about a critical speed value; When 
the accelerometer voltage output exceeds the set value, 
recording the voltage output and the rotational speed by the 
PLC as a value to indicate a critical speed; When the 
rotational speed is at or about a critical speed, altering the 
pressure of the pressure applying member against the spac 
ers to alter the critical speed to a range outside of the 
rotational speed of the roll. The method further comprises 
measuring the voltage output of the accelerometer and the 
rotational speed of the roll during the continued operation of 
the assembly Whereupon, When the voltage output and 
rotational speed reach the critical speed value that has been 
recorded by the PLC, altering the pressure of the pressure 
applying member to alter the critical speed outside the range 
of the rotational speed of the roll. The accelerometers 
mounted inside the boWed roll can then be used to verify that 
the critical speed has been altered according to a decrease in 
the voltage output level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
beloW With reference to the following accompanying 
draWings, Which are for illustrative purposes only. Through 
out the folloWing vieWs, the reference numerals Will be used 
in the draWings, and the same reference numerals Will be 
used throughout the several vieWs and in the description to 
indicate same or like parts. 

FIG. 1 is an illustration of a boWed roll assembly accord 
ing to the prior art shoWing a self-aligning bracket on either 
end. 

FIGS. 2A—2C illustrate typical vibration mode shapes for 
the boWed roll of FIG. 1 operating at A) ?rst, B) second, and 
C) third critical speeds. 

FIG. 3 is a partial elevational cross-sectional vieW of an 
embodiment of a standard boWed roll construction of the 
assembly shoWn in FIG. 1. 

FIG. 4 is a partial elevational cross-sectional vieW of an 
embodiment of a conventional reinforced boWed roll con 
struction of the assembly shoWn in FIG. 1. 

FIG. 5 is an elevational, cross-sectional vieW of the 
boWed roll shoWn in FIG. 4, illustrating a mounting bracket 
at one end of the assembly. 

FIG. 6 is an illustration of an embodiment of a “smart” 
boWed roll and control system according to the invention. 

FIG. 7 is an elevational, cross-sectional vieW of the 
boWed roll of FIG. 6 shoWing the mounting of the hydraulic 
ram, mounting bracket, accelerometer, and lead. 

FIG. 8 is a cross-sectional vieW of the boWed roll axle of 
FIG. 7 taken along lines 8—8, and shoWing the mounting 
orientation of the accelerometer in the interior of the axle of 
the assembly. 

FIG. 9 is a How diagram shoWing a system response for 
altering pre-programmed critical speeds according to an 
embodiment of a method of the invention. 
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6 
FIG. 10 is a How diagram shoWing a system response for 

detecting and altering critical speeds according to another 
embodiment of a method of the invention. 

FIG. 11 is a How diagram shoWing a system response for 
altering the critical speeds and verifying the reduction in roll 
vibration according to another embodiment of a method of 
the invention. 

FIG. 12 is a How diagram shoWing the system response 
for detecting, “learning” and altering critical speeds accord 
ing to another embodiment of a method according to the 
invention. 

DESCRIPTION OF THE INVENTION 

The invention Will be described generally With reference 
to the draWings for the purpose of illustrating the present 
preferred embodiments only and not for purposes of limiting 
the same. 

An embodiment of a boWed roll assembly according to 
the invention is illustrated and described With reference to 
FIGS. 6—12. The boWed roll assembly comprises a rein 
forced boW roll construction 38“ similar to that shoWn in 
FIG. 4. As shoWn in FIGS. 6 and 7, one of the reinforcing 
axle nuts (shoWn as 48b’ in FIG. 5) at one end 40b ” of the 
reinforced boWed roll 38“ is replaced With a pressure apply 
ing member 54“ in the form of a hydraulic ram, Which is 
af?xed to the central axle 12“ and connected to a suitable 
hydraulic pump 56“ (FIG. 6). The reinforcing nut 48a” on 
the opposing end 40a” of the axle 12“ is ?xed in place or 
replaced by a shoulder (not shoWn) against Which the annual 
spacers 30“ and spool bearing assemblies 20“ may bear, as 
depicted in FIGS. 4 and 5. By varying the pressure applied 
to the hydraulic ram 54“, Which loads (applies pressure) 
against the annular spacer 30“, the pressure that is applied 
can be increased or decreased and the stiffness of the roll 38“ 
can be altered at any time during the operation and Without 
stopping the assembly. 
As shoWn in FIG. 6, a programmable logic controller 

(PLC) 58“ comprising a microprocessor and appropriate 
softWare is utiliZed in conjunction With an electronically 
actuated hydraulic control valve 60“, a pressure-to-current 
(P-I) transducer 62“, a machine speed reference signal 64“, 
Which signal is proportional to the value of the current 
rotational speed of the boWed roll assembly (for example, an 
electrical reference signal of about 4 mA to about 20 mA 
used to control the machine drive speed, and Which corre 
sponds to a minimal speed value (e.g., 0 rpm) to a set 
maximal speed value (e.g., 3,000 rpm), and tWo accelerom 
eters 66“ (typically producing an electrical signal of about 0 
mV to about 10 mV proportional to vibration amplitude) 
mounted inside the boWed roll annular axle 12“ accelerom 
eters 66“ are positioned at about one quarter to one half the 
distance betWeen the roll mounting (support) brackets 42“ at 
either end of the assembly, to alter the roll’s stiffness (thus 
altering it’s “criticals”) during operation. The accelerometer 
66“ includes a lead 68“ that passes through the end 40b” of 
the assembly. This “on-the-?y” tuning of the roll assembly 
38“ prevents the need to limit the machine’s process speed 
range(s) by dynamically altering the roll’s criticals. 
An embodiment of a method according to the invention to 

alter pre-programmed critical speeds is illustrated in FIG. 9. 
According to the method, the critical speeds for the boWed 
roll 38“ are determined by knoWn techniques in the art, as 
for example, by driving (rotating) the roll assembly 38“ at 
various rotational speeds and recording the speci?c speeds 
Where excessive vibration or “criticals” are detected. This 
can be accomplished, for example, by monitoring the output 
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signal strength of the accelerometer 66“ or through subjec 
tive observation. The criticals are pre-programmed into the 
PLC 58“, and as the roll rotates, the rotational speed is 
measured, the hydraulic pressure set point (typically about 0 
psi to about 1000 psi) of the hydraulic ram 54“ is changed 
When criticals are sensed by the microprocessor based on a 
machine speed reference signal 64“. The PLC in conjunction 
With the P-I transducer Will maintain the hydraulic pressure 
of the hydraulic ram 54“ at the designated set point. 

Referring to FIG. 10, in another embodiment of a method 
of the invention, the critical speeds of the boWed roll 
assembly 38“ are again pre-programmed into the PLC 58“, 
the roll rotational speed is measured, and the voltage of the 
accelerometer 66“ at particular rotational speeds is measured 
and recorded. The microprocessor senses the roll rotational 
speed and, as the speed approaches the pre-programmed 
criticals based on the machine speed reference signal, a 
change can be made to the hydraulic pressure of the hydrau 
lic ram 54‘ (e.g., increase or decrease the pressure). The 
change to the critical (or lack thereof) is con?rmed during 
operation by a reading of the voltage output of the acceler 
ometer 66“ mounted inside the roll axle 12“. The con?rma 
tion of the change (increase or decrease) in critical speed is 
veri?ed by a substantial reduction in the accelerometer 
signal voltage output. 

Referring noW to FIG. 11, in yet another embodiment of 
the method of the invention, the voltage of the accelerometer 
66“ is measured as an indication of the critical speed of the 
roll. As the roll’s criticals are approached, the criticals are 
detected by a substantial increase in the signal voltage of the 
accelerometer 66“ mounted inside the roll axle, Which 
triggers the PLC to effect a change to the hydraulic pressure 
of the hydraulic ram 54“, thus altering the critical. As 
machine speed changes occur during operation, the control 
system Will continually monitor the accelerometer signal 
voltage and adjust the hydraulic pressure set point to place 
the criticals outside of the instantaneous process speed. 

Referring to FIG. 12, in a further embodiment of the 
method of the invention, the roll rotational speed and the 
voltage of the accelerometer 66“ are measured. As the roll’s 
criticals are approached and detected by the accelerometers 
mounted inside the boWed roll (according to an increase in 
voltage level), the PLC Will record the accelerometer voltage 
and process rotational speed as a function of the machine 
speed reference signal, thus “learning” the roll’s criticals 
associated With any given hydraulic pressure set point. Once 
a “learned” critical is approached, the PLC Will trigger a 
change to the hydraulic pressure set point, thus altering the 
roll’s stiffness and hence the critical. The accelerometers 
mounted inside the boWed roll can then be used to verify that 
the critical has indeed been altered by a decrease in voltage 
level. This technique is commonly referred to as “cascade 
control” in automatic controls theory. 

In another embodiment of each of the foregoing methods, 
it is desirable to continuously monitor (measure) the pres 
sure of the pressure applying member (e.g., hydraulic ram) 
against the spacers to verify that the hydraulic pressure is set 
at the desired level. Thus, each of the foregoing methods can 
further comprise the steps of continuously monitoring or 
measuring the pressure of the pressure applying member 
(e.g., hydraulic ram) against the spacers, and comparing the 
pressure to a pressure set point, and upon sensing a pressure 
that is not equal to about the pressure set point, increasing 
or decreasing the pressure to about the pressure set point. 

A boWed roll according to the invention Will exhibit 
substantially no harmonic vibration modes in that, When 
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they are encountered, the “smart” roll Will self-adjust. The 
invention advantageously provides a means to improve the 
durability, and hence the practical service life of boWed rolls 
by delaying the failure of the spool bearings as the result of 
harmonic vibration, Which can occur during normal opera 
tion. This technology Will alleviate the problems of prema 
ture spool bearing failures due to harmonic vibration thus 
avoiding the expense of repair and extensive process 
machine doWntime. 

The invention has been described by reference to detailed 
examples and methodologies. These examples are not meant 
to limit the scope of the invention. OWing to the observed 
phenomenon of harmonic vibration, this invention is 
intended to ?nd application in all boWed rolls, regardless of 
the speci?c application. It should be understood that varia 
tions and modi?cations may be made While remaining 
Within the spirit and scope of the invention, and the inven 
tion is not to be construed as limited to the speci?c embodi 
ments shoWn in the draWings. 
What is claimed is: 
1. A roll assembly system, comprising: 
a non-rotating central axle having a ?rst end and a second 

end; 
at least tWo tubular segments, each supported on a rolling 

bearing and rotatably mounted on the central axle; and 
a plurality of annular spacers mounted on the axle 

betWeen the roller bearings to maintain the tubular 
segments in near proximity; 

the roll assembly having a stiffness; 
the ?rst end of the axle having a member mounted thereon 

for applying pressure against the bearings and the 
spacers to compress and uncompress the tubular seg 
ments along the axle and alter the stiffness of the roll 
assembly; 

the roll assembly connected to a member for detecting 
speed of the roll assembly and sending a signal of the 
speed to a signal processing device; 

Whereby When the speed of the roll assembly approaches 
a critical speed, the signal processing device sends a 
signal to the pressure applying member to vary the 
pressure against the bearings and spacers to suf?ciently 
stiffen the roll assembly to inhibit harmonic vibration 
of the roll assembly. 

2. A roll assembly, comprising: 
a boWed roll assembly comprising at least tWo rotatable 

spool assemblies mounted on an axle and held in near 
proximity by adjacently mounted annular spacers, and 
a member for applying pressure to the spacers to alter 
stiffness of the boWed roll assembly, said pressure 
changing member mounted on the axle; 

the roll assembly connected to a member for detecting 
rotational speed of the roll assembly and sending a 
signal of the rotational speed to a signal processing 
device; the signal processing device being programmed 
With critical speed values of the boWed roll assembly; 

Whereby When the signal processing device receives a 
signal of the rotational speed of the boWed roll assem 
bly at or near a critical speed value, the signal process 
ing device sends a signal to the pressure applying 
member to increase or decrease the pressure against the 
spacers to suf?ciently stiffen or unstiffen the roll assem 
bly to inhibit harmonic vibration of the roll assembly. 

3. The roll assembly of claim 2, further comprising: an 
accelerometer mounted on the roll assembly, the accelerom 
eter having a voltage set value; 
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whereby during rotation of the roll assembly, an increase 
in the voltage of the accelerometer relative to the 
voltage set value indicates the rotational speed of the 
boWed roll assembly is at or near the critical speed 
value. 

4. The roll assembly of claim 3, Whereby during rotation 
of the roll assembly, a decrease in said accelerometer voltage 
output relative to the voltage output set value indicates an 
increase or decrease of the critical speed value. 

5. Asystem for altering stiffness of a boWed roll assembly, 
comprising: 

a boWed roll assembly comprising at least tWo spool 
assemblies mounted on an aXle and held in near proX 
imity by adjacently mounted annular spacers; 

a member for applying pressure to compress the spacers 
and the spool assemblies together to increase the stiff 
ness of the boWed roll assembly, said pressure applying 
member mounted on an end of the aXle proXimate to a 
spacer; and 

a programmable logic controller connected to the boWed 
roll assembly for receiving signals therefrom, and con 
nected to the pressure applying member for transmit 
ting signals thereto. 

6. The system of claim 5, Wherein the programmable logic 
controller is connected to a mechanism for measuring a 
machine speed reference signal. 

7. The system of claim 5, Wherein the programmable logic 
controller comprises a microprocessor that is pre 
programmed With critical speeds of the boWed roll assembly. 

8. The system of claim 7, Wherein the programmable logic 
controller is functional to alter the pressure set point of the 
pressure applying member upon sensing a rotational speed at 
or near a pre-programmed critical speed value. 

9. The system of claim 5, Wherein the pressure applying 
member comprises a hydraulic ram. 

10. A system for altering stiffness of a boWed roll 
assembly, comprising: 

a boWed roll assembly comprising at least tWo spool 
assemblies mounted on an aXle and held in near proX 
imity by adjacently mounted annular spacers; 

a member for applying pressure to compress the spacers 
and the spool assemblies together to increase the stiff 
ness of the boWed roll assembly, said pressure applying 
member mounted on an end of the aXle proXimate to a 
spacer; 

an accelerometer mounted Within the aXle of the boWed 
roll assembly; and 

a programmable logic controller connected to the accel 
erometer for receiving signals therefrom, and con 
nected to the pressure applying member for transmit 
ting signals thereto. 

11. The system of claim 10, Wherein the programmable 
logic controller is connected to a mechanism for measuring 
a machine speed reference signal. 

12. The system of claim 10, Wherein the programmable 
logic controller comprises a microprocessor that is pre 
programmed With critical speeds of the boWed roll assembly. 

13. The system of claim 10, Wherein the voltage output 
signals of the accelerometer to the programmable logic 
controller indicate the rotational speed of the assembly, and 
the programmable logic controller is functional to alter the 
pressure set point of the pressue applying member upon 
sensing a rotational speed at or near a pre-programmed 
critical speed value. 

14. The system of claim 10, Wherein the pressure applying 
member comprises a hydraulic ram. 
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15. A method of altering a critical speed of a boWed roll 

assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an aXle and held in near 
proximity by adj acently mounted annular spacers, and a 
member for applying pressure against the spacers to alter 
stiffness of the boWed roll assembly, the pressure applying 
member having a pressure set point; the method comprising 
the steps of: 

pre-programming critical speeds of the boWed roll assem 
bly into a programmable logic controller; 

measuring rotational speed of the roll assembly; 
determining Whether the rotational speed of the roll 

assembly is a critical speed; and 
Wherein, during operation of the boWed roll assembly, 
When the rotational speed is at or about a critical speed, 
altering pressure of the pressure applying member 
against the spacers to increase or decrease the stiffness 
of the roll to alter the critical speed to a range outside 
of the roll rotational speed. 

16. The method of claim 15, further comprising, prior to 
the step of pre-programming the critical speeds, the step of 
determining the critical speeds of the boWed roll assembly. 

17. The method of claim 16, Wherein the step of deter 
mining the critical speeds comprises operating the roll 
assembly at a plurality of rotational speeds and recording the 
speeds at Which the critical speeds occur. 

18. The method of claim 17, Wherein the step of deter 
mining the critical speeds comprises observing vibration of 
the roll assembly. 

19. The method of claim 17, Wherein the roll assembly 
further comprises an accelerometer having an output signal, 
and the step of determining the critical speeds comprises 
measuring the output signal of the accelerometer. 

20. The method of claim 15, Wherein the steps of deter 
mining Whether the rotational speed is a critical speed 
comprises comparing the rotational speed to the pre 
programmed critical speed. 

21. The method of claim 15, Wherein the pressure apply 
ing member comprises a hydraulic ram. 

22. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an aXle and held in near 
proximity by adj acently mounted annular spacers, and a 
member for applying pressure against the spacers to alter 
stiffness of the boWed roll assembly; the method comprising 
the steps of: 

measuring rotational speed of the boWed roll assembly; 
comparing the rotational speed to a pre-programmed 

critical speed value; 
altering the pressure of the pressure applying member 

against the spacers upon sensing the rotational speed at 
or about the pre-programmed critical speed to increase 
or decrease the stiffness of the boWed roll assembly and 
alter the critical speed to a range outside of the roll 
rotational speed. 

23. The method of claim 22, further comprising: 
continuously measuring the pressure of the pressure 

applying member against the spacers, and comparing 
the pressure to a pressure set point; and 

upon sensing a pressure not equal to about the pressure set 
point, increasing or decreasing the pressure to about the 
pressure set point. 

24. The method of claim 22, Wherein the boWed roll 
assembly further comprises an accelerometer mounted on 
the roll assembly; and the method further comprises: 

after the step of measuring the rotational speed of the roll 
assembly, the steps of: 



US 6,554,754 B2 
11 

measuring the output voltage of the accelerometer; and 
recording the output voltage of the accelerometer; 

Wherein, the step of determining Whether the rotational 
speed is about a critical speed comprises measuring the 
voltage output of the accelerometer Wherein an increase 
of voltage over a voltage set point indicates a rotational 
speed at or about a critical speed; and 

When the rotational speed is at or about a critical speed, 
altering pressure of the pressure applying member 
against the spacers to increase or decrease the stiffness 
of the roll to alter the critical speed to a range outside 
of the roll rotational speed. 

25. The method of claim 24, further comprising, after the 
step of altering the pressure of the pressure applying 
member, the step of measuring the voltage output of the 
accelerometer to determine Whether the critical speed has 
been altered, Wherein a decrease in the accelerometer volt 
age indicates an increase or decrease in the critical speed 
outside the range of the rotational speed of the roll assembly. 

26. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, the pressure applying member 
having a pressure set-point, and an accelerometer mounted 
on the roll assembly; the method comprising the steps of: 

measuring rotational speed of the roll assembly; 
measuring voltage output of the accelerometer; and 
determining Whether the rotational speed of the roll 

assembly is at or about a critical speed based on the 
voltage output of the accelerometer compared to a 
voltage output set-point; 

Wherein, When the rotational speed is at or about a critical 
speed, altering pressure of the pressure applying mem 
ber against the spacers to increase or decrease the 
stiffness of the roll to alter the critical speed to a range 
outside of the roll rotational speed. 

27. The method of claim 26, further comprising, after the 
step of measuring the voltage output of the accelerometer, 
the step of recording the voltage of the accelerometer. 

28. The method of claim 26, further comprising, after the 
step of altering the pressure of the pressure applying 
member, the step of measuring the voltage output of the 
accelerometer to determine Whether the critical speed has 
been altered to a range outside of the roll rotational speed. 

29. The method of claim 28, Wherein a decrease in voltage 
output beloW the set value indicates a change in the critical 
speed. 

30. The method of claim 26, further comprising: 
continuously measuring the pressure applying member 

against the spacers, and comparing the pressure to a 
pressure set point; and 

upon sensing a pressure not equal to about the pressure set 
point, increasing or decreasing the pressure to about the 
pressure set point. 

31. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, and an accelerometer mounted on 
the roll assembly; the method comprising the steps of: 

measuring rotational speed of the boWed roll assembly; 
measuring voltage output of the accelerometer to deter 

mine Whether the rotational speed is at or about a 
critical speed value; 

15 

25 

35 

45 

55 

65 

12 
upon sensing the rotational speed at or about the critical 

speed value, increasing or decreasing the pressure of 
the pressure applying member against the spacers to 
alter the critical speed value to a range outside of the 
roll rotational speed; and 

measuring the voltage output of the accelerometer to 
con?rm the alteration of the critical speed value, 
Wherein a decrease in the accelerometer signal voltage 
indicates an increase or decrease in the critical speed 
value. 

32. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for loading against the spacers by applying pressure to alter 
stiffness of the boWed roll assembly, and an accelerometer 
mounted on the roll assembly, the method comprising the 
steps of: 

measuring voltage output of the accelerometer; and 
determining if the accelerometer voltage output exceeds a 

set value; 
Wherein if the accelerometer voltage output is higher than 

the set value, altering the pressure of the pressure 
applying member against the spacers to increase or 
decrease the stiffness of the roll to alter the critical 
speed to a range outside of the rotational speed of the 
roll. 

33. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, and an accelerometer mounted on 
the roll assembly, the method comprising the steps of: 

measuring voltage output of the accelerometer to deter 
mine Whether the rotational speed is at or about a 
critical speed value, Wherein an accelerometer signal 
voltage higher than a set voltage output value indicates 
the rotational speed to be at or about the critical speed; 
and 

upon sensing the rotational speed at or about the critical 
speed, increasing or decreasing the pressure against the 
spacers to alter the critical speed value to a range 
outside of the rotational speed of the roll. 

34. The method of claim 33, further comprising: 
continuously measuring the pressure of the pressure 

applying member against the spacers, and comparing 
the pressure to a pressure set point; and 

upon sensing a pressure not equal to about the pressure set 
point, increasing or decreasing the pressure to about the 
pressure set point. 

35. The method of claim 33, further comprising, after the 
step of increasing or decreasing the pressure, measuring the 
voltage output of the accelerometer to con?rm that the 
critical speed value is Within a range outside that of the 
rotational speed of the roll assembly. 

36. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, an accelerometer mounted on the 
roll assembly, and a programmable logic controller; the 
method comprising the steps of: 

measuring rotational speed of the roll assembly; 
measuring voltage output of the accelerometer; 
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determining if the voltage output of the accelerometer 
exceeds a set value Whereby the rotational speed is at 
or about a critical speed value; 

When the accelerometer voltage output exceeds the set 
value, recording the voltage output and the rotational 
speed by the programmable logic controller as a value 
to indicate a critical speed; 

When the rotational speed is at or about a critical speed, 
altering pressure of the pressure applying member 
against the spacers to alter the critical speed to a range 
outside of the rotational speed of the roll; and 

measuring the voltage output of the accelerometer and the 
rotational speed of the roll Whereupon, When said 
voltage output and rotational speed are at the recorded 
critical speed value recorded by the programmable 
logic controller, altering the pressure of the pressure 
applying member to alter the critical speed outside the 
range of the rotational speed of the roll. 

37. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, and an accelerometer mounted on 
the roll assembly, the method comprising the steps of: 

measuring rotational speed of the boWed roll assembly; 
measuring voltage of the accelerometer to determine 

Whether the rotational speed is at or about a critical 
speed value, Wherein an accelerometer signal voltage at 
about a set value indicates the critical speed; 

if a critical speed is indicated, recording the accelerometer 
voltage and the rotational speed of the roll assembly as 
a critical speed value; 

Wherein, upon sensing said recorded critical speed value, 
increasing or decreasing the pressure against the spac 
ers by the pressure applying member to alter the 
stiffness of the boWed roll and the critical speed to a 
range outside of the roll rotational speed. 

38. The method of claim 37, further comprising after the 
step of increasing or decreasing the pressure of the pressure 
applying member, the step of: 
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measuring the voltage output of the accelerometer to 

verify the increase or decrease to the critical speed, 
Whereby a decrease in the voltage output indicates an 
increase or decrease of the critical speed value. 

39. The method of claim 37, further comprising: 

continuously measuring the pressure of the pressure 
applying member against the spacers, and comparing 
the pressure to a pressure set point; and 

upon sensing a pressure not equal to about the pressure set 
point, increasing the pressure to about the pressure set 
point. 

40. A method of altering a critical speed of a boWed roll 
assembly, the boWed roll assembly comprising at least tWo 
spool assemblies mounted on an axle and held in near 
proximity by adj acently mounted annular spacers, a member 
for applying pressure against the spacers to alter stiffness of 
the boWed roll assembly, and an accelerometer mounted on 
the roll assembly, the method comprising the steps of: 

measuring rotational speed of the roll assembly; 
measuring the voltage output of the accelerometer; 

Wherein if the accelerometer voltage output is higher 
than a set voltage output value, recording the rotational 
speed of the roll assembly as critical and recording the 
accelerometer voltage output at said rotational speed; 
and determining pressure of the pressure applying 
member against the spacers and recording said pres 
sure; 

altering the pressure of the pressure applying member to 
alter the stiffness of the boWed roll and the critical 
speed to a range outside of the roll rotational speed; 

measuring the voltage output of the accelerometer to 
verify the alteration to the critical speed; and 

measuring the accelerometer voltage output Wherein upon 
sensing the recorded rotational speed and voltage 
output, altering the pressure of the pressure applying 
member to alter the stiffness of the boWed roll to alter 
the critical speed to a range outside of the roll rotational 
speed. 


